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Various exotic phases of matter have been discovered near a quantum critical point where magnetic
order is suppressed to absolute zero temperature by strong quantum fluctuations. There have
remained fundamental questions whether geometrical frustration preventing magnetic long-range
order can induce quantum critical phenomena and how novel they are. Here, we employ a magnetic
field angle as a tuning parameter and provide thermodynamic evidence for novel quantum criticality
not only driven but also augmented by frustration in the quasi-kagome Kondo-lattice CeRhSn. The
field-angle-resolved landscape of the entropy reveals the existence of a quantum critical line under
a magnetic field, exactly parallel to the quasi-kagome plane. In particular, on this line, we observe
a two-step decrease of the entropy accompanied by a qualitative change in the non-Fermi-liquid
behavior. These results suggest that a partial release of frustration induces a quantum critical
“phase”, whose nature is distinctly different from the zero-field one.
The breakdown of the Fermi-liquid (FL) theory is one
of major topics in many-body physics.1–6 There have
been considerable efforts to understand the mechanisms
underlying strange metallic behaviors, including exotic
superconductivity, by tuning external parameters such
as the magnetic field, pressure and chemical doping.3–9
Although most of them arise only in the vicinity of a
quantum critical point (QCP) where the magnetic order
vanishes, astonishing zero-field quantum criticality (QC)
without fine-tuning has been discovered recently for sev-
eral metals.10–12 Further experimental realization of such
unusual quantum critical phenomena has remained a chal-
lenge. For determining how QC develops near a QCP, the
entropy landscape provides fundamental information be-
cause the ground states become prominently degenerated
near the QCP.13,14 From this point of view, field-angle-
resolved measurements of entropy, which have been de-
veloped recently by taking advantage of the rotational
magnetocaloric effect,15 are powerful for unraveling the
mechanism of QC in anisotropic systems.
In this study, we focus on CeRhSn which is catego-
rized as a new class of novel metals that show zero-field
QC driven by geometrical frustration.16 CeRhSn has a
hexagonal ZrNiAl-type structure with space group P6¯2m,
in which basal layers are stacked alternately along the
c axis and the Ce sublattice can be viewed as a quasi-
kagome lattice (inset of Fig. 2a); it is isostructural with
e.g., CePdAl, YbAgGe and UCoAl, which attract much
attention due to the occurrence of a variety of metamag-
netic transitions induced by geometrical frustration17,18
or a ferromagnetic QCP.19 Although local 4f electrons
of Ce ions are coupled to conduction electrons below the
Kondo temperature (∼ 200 K), the magnetic susceptibil-
ity increases drastically upon cooling under a magnetic
field H along the c axis.20 This indicates that local mo-
ments are not fully screened even at low temperatures.
Thereby, the magnetic susceptibility in H ‖ c is roughly
30 times larger than that in H ‖ a. The reduced mo-
ments are approximately 0.05 µB/Ce (µB is the Bohr
magneton). The presence of antiferromagnetic interac-
tions was suggested by the results of 119Sn-NMR experi-
ments on powder samples21 and by the negative values of
the Curie-Weiss temperatures.20 In zero field, however, no
long-range magnetic order has been found at least above
50 mK.22 Instead, quantum critical phenomena were ob-
served in the magnetic susceptibility, the electrical resis-
tivity and the specific heat at low temperatures.20
Recently, it was reported that QC in CeRhSn was frag-
ile under a finite magnetic field;16 the non-Fermi-liquid
(NFL) behavior in the low-temperature specific heat was
rapidly suppressed with increasing field in any direction.
This fact was attributed to the presence of a QCP near
H = 0. Furthermore, the anisotropic temperature depen-
dence of the thermal expansion α, showing a divergent
behavior in α/T only along the a axis, suggests that QC
is coupled to in-plane uniaxial pressure, which breaks the
symmetry of the quasi-kagome lattice. By applying uni-
axial pressure along the a axis, QC was indeed destroyed
and complicated magnetic phase diagram was induced.23
On the basis of these facts, CeRhSn has been considered a
promising frustrated Kondo-lattice metal with a quantum
spin-liquid ground state.16,24,25
Another fascinating character of CeRhSn is the occur-
rence of a metamagnetic crossover under a magnetic field
parallel to the a axis.16,26 Recently, a similar metamag-
netic feature in H ‖ a was reported for the isostructural
CeIrSn as well.27 In the previous report,16 the origin of
this metamagnetic crossover was discussed in the analogy
of the isostructural antiferromagnet YbAgGe, which ex-
hibits spin-flop bicriticality under a magnetic field along
the easy-magnetization plane (‖ ab).18 It has been spec-
ulated that, due to the suppression of the magnetic-
ordering temperature, the spin-flop metamagnetic tran-
sition becomes a crossover in CeRhSn.
As introduced above, the quasi-kagome Kondo-lattice
CeRhSn exhibits various unusual properties, which are
likely related to strong geometrical frustration of the re-
duced local 4f moments with Ising-like anisotropy. In
the case of Ising-anisotropic materials, precise control of
the magnetic-field orientation is essential to unravel the
nature under a hard-axis magnetic field. It is because a
tiny component of an easy-axis magnetic field may cause
2dominant effect on its physical properties, as reported in
Ising ferromagnets URhGe, UCoGe and UGe2.
28–30 For
example, the gigantic upper critical field Hc2 of a fer-
romagnetic superconductor UCoGe seen in H ‖ b is in-
tensely suppressed by tilting the magnetic field toward
the easy c axis.30 In this study, to take a closer look
at the strange metallic state in CeRhSn, we performed
field-angle-resolved measurements of its specific heat C,
entropy S and magnetization M at low temperatures.
Results
Magnetization measurements. To obtain direct in-
formation on the magnetic property of CeRhSn under an
exact in-plane magnetic field, dc magnetization was mea-
sured by using a home-made capacitively-detected Fara-
day magnetometer31 combined with the two-axis rotation
device.32 The angle between the magnetic field and the
ab plane, φH , was carefully determined within an error of
better than 1◦ frommagnetic-torque measurements by us-
ing the same setup (see Supplementary Fig. S1). Symbols
in Fig. 1a show the magnetization curve, M(H), mea-
sured at 0.15 and 4.2 K for φH = 0
◦. At 0.15 K, M(H)
shows an abrupt increase around µ0Hm ∼ 3 T, provid-
ing direct evidence for the occurrence of a metamagnetic
crossover. By increasing temperature up to 4.2 K, M(H)
shows only a paramagnetic contribution; the metamag-
netic crossover disappears in this field range. At 4.2 K,
the M(H) curve was also measured by using a commer-
cial SQUID magnetometer (MPMS) and is represented
by a solid line in Fig. 1a. The excellent agreement be-
tween the M(H) curves taken with different instruments
ensures high reliability of our magnetization data.
It is noted that the M(H) curves at 0.15 and 4.2 K are
roughly the same up to 2 T, reminiscent of the FL nature.
In fact, M(T ) at 2 T in H ‖ a does not depend on tem-
perature below 2 K (inset of Fig. 1a). When H is tilted
away from the ab plane by 5◦, Hm increases slightly, and
the low-fieldM(H) is enhanced. The former can be more
clearly seen in the field derivative of the magnetization,
i.e., dM/dB (Fig. 1b). The latter can be attributed to
the c-axis component of magnetization.
Thermal measurements. To apply the magnetic field
exactly parallel to the ab plane, the field-angle φH de-
pendence of the specific heat C was investigated at 0.1 K
by rotating a magnetic field of 2 T within the ac plane.
As shown in Fig. 2a, a sharp peak was observed in the
C(φH)/T data centered at φH = 0
◦. Nearly the same
φH dependence of the specific heat was obtained from a
measurement in a rotating field within the a∗c plane, per-
pendicular to the a axis. These results indicate that the
enhancement of the specific heat under an in-plane mag-
netic field can be easily destroyed by field misalignment
of only a few degrees.
To provide further evidence for the anomalous state
under a precisely-aligned in-plane magnetic field, a rela-
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Figure 1: Magnetization process of CeRhSn with a
fine-tuned field orientation. a, Field dependence of the
magnetization M(H) at 0.15 (circles) and 4.2 K (squares) in
the exact in-plane direction. The solid line represents M(H)
at 4.2 K measured by MPMS in the approximate in-plane
direction. Inset: M(T ) at 2 T in H ‖ a. b, M(H) at 0.15 K
for φH = 0
◦ (closed circles) and 5◦ (closed squares). Open
symbols represent the field derivative of the magnetization.
The dashed line shows the previously reported M(H) curve
at 0.5 K in H ‖ c,20 which is divided in half.
tive change in the entropy S with φH was investigated
via the field-rotational technique.15 Figure 2b shows the
field-rotational magnetocaloric effect at 0.1 K in 2 T
within the ac plane. By using the thermodynamic re-
lation, (∂S/∂φH)T,H = −C/T (∂T/∂φH)S,H , the relative
change in S with φH , ∆Sφ = S(φH)− S(90
◦), was inves-
tigated and plotted in Fig. 2c. ∆Sφ shows a very sharp
peak at φH = 0
◦ with a full width at half maximum of
at most 4◦ (inset of Fig. 2c). This is evidence that QC
is robust against H exactly parallel to the quasi-kagome
plane.
However, when the in-plane field exceeds approxi-
mately 3 T, the high-entropy state is destroyed abruptly.
Figures 3a and 3b show the field variations of C/T and
the entropy change ∆SH = S(H) − S(0) at 0.1 K, re-
spectively. The latter is evaluated by using the relation
(∂S/∂H)T,φH = −C/T (∂T/∂H)S,φH , i.e., the conven-
tional field-sweep magnetocaloric effect. In H ‖ a, the
entropy is gradually released at low fields below roughly
3 0.2
 0.3
C
 
/ T
 
(J 
/ m
ol 
K2
)
a
|| a || c
Cea
c
-20
 0
 20
d
T
 
/ d
φ H
 
(m
K 
/ d
eg
)
µ0H = 2 T
CeRhSn
b
T = 0.1 K
 0
 10
0 30 60 90
∆S
φ (
mJ
 / K
 m
ol)
φH (deg)
c
 0
 10
-5 0 5
Figure 2: Field-angle dependence of thermodynamic
quantities for CeRhSn. a–c, C/T (a), field-rotational
magnetocaloric effect (b) and relative entropy change ∆Sφ
(c) as a function of φH at 0.1 K. Here, the applied magnetic
field of 2 T is rotated within the ac plane. Inset in a: top
view along the c axis of the quasi-kagome lattice formed by
Ce atoms in CeRhSn. Inset in c: enlarged plot of ∆Sφ near
φH = 0
◦.
1 T and decreases remarkably at µ0Hm ∼ 3 T (Fig. 3b).
AroundHm, C(H)/T shows an anomalous peak (Fig. 3a),
similar to the one observed in the previous report.16 The
entropy plateau in 1–2 T suggests the formation of novel
ground states under the in-plane magnetic field.
Figures 4a and 4b show the temperature dependence
of C/T at various fields for φH = 0
◦ and 90◦, respectively.
The NFL behavior, i.e., increase of C(T )/T on cooling,
can be clearly seen in zero field. Under an in-plane mag-
netic field of larger than 4 T (above Hm) or fields along
the c axis, the low-temperature C(T )/T is nearly inde-
pendent of temperature and likely in the FL regime; a
weak upturn originates from the nuclear contribution. In
sharp contrast to the previous observation of the strong
suppression in C(T )/T under 2 T,16 the NFL behavior
remains at least up to 2 T for H ‖ a. In this NFL regime,
the low-temperature C(T )/T can be fitted well using a
power-law function, f(T ) = αT−n + γ0. The parameters
obtained by the fits are summarized in Table 1. With
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Figure 3: Magnetic field dependence of thermody-
namic quantities of CeRhSn. a, b, Field dependence
of C(H)/T (a) and ∆SH (b) at 0.1 K for φH = 0
◦ and
90◦. The solid squares and triangles in a (b) are the field-
rotational C(φH)/T [∆S(H,φH) (see Methods for details)]
data at φH = 0
◦ and 5◦, respectively. Inset in b: ∆SH(H, 90
◦)
(dashed line) and ∆S(0.2 T, φH) (solid line) at 0.1 K as a func-
tion of H‖c.
increasing H from 0 to 1 T, the exponent n changes dras-
tically from n ≈ 1.5 to n ≈ 1.0. However, it is nearly
unchanged in the entropy-plateau regime (n ≈ 1.0 for
1 T ≤ µ0H ≤ 2 T). For µ0H ≥ 3 T, the fit with n ≈ 1.0
is not successful because of the breakdown of the NFL
state.
One may suspect that the NFL behavior in C(T )/T
is incompatible with the FL-like behavior in M(T ) for
H ‖ a. However, the plateau in C(H)/T around 2 T
(Fig. 3a) is consistent with the temperature-independent
magnetization (inset of Fig. 1a), satisfying the thermody-
namic Maxwell relation ∂(C/T )/∂H = ∂2M/∂T 2. These
contrasting temperature responses ofM(T ) and C(T )/T ,
similar to the recent observations in Ni-doped CeCoIn5,
33
indicate that QC is coupled to spin fluctuations along the
c axis, which do not affect the in-plane magnetization di-
rectly.
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Figure 4: Quantum critical behaviors in C/T . a, b,
Temperature dependence of C/T at φH = 0
◦ (a; H ‖ a) and
φH = 90
◦ (b; H ‖ c). Solid lines in a represent the fits to the
data at 0, 1 and 2 T using a function f(T ) = αT−n+ γ0. The
fitting parameters are shown in Table 1.
Table 1: Parameters obtained by the power-law fits
to the specific-heat data. The C(T )/T data for H ‖ a
were fitted using a power-law function f(T ) = αT−n + γ0.
The fitting range is T ≤ 0.4 K.
µ0H‖a (T) n α (mJ/mol K
2+n) γ0 (J/mol K
2)
0 1.48 3.56 0.173
1 1.08 7.21 0.177
2 1.04 6.75 0.186
Field-angle-resolved mapping of thermodynamic
quantities. Figures 5a–5c represent the contour maps
of C, dT/dφH and ∆S [= S(H,φH) − S(H = 0)] in the
H–φH plane at 0.1 K, which were constructed via field-
rotational measurements. The data points at φ = 0◦
extracted from Figs. 5a and 5c are plotted in Figs. 3a
and 3b as squares for comparison with the data taken
via field-sweep measurements drawn as open circles and
a solid line, respectively. Good agreement between them
further assures the reliability of our measurements. Fig-
ure 5d summarizes the phase diagram in the T –H‖a–H‖c
space, where H‖a = H cosφH and H‖c = H sinφH . The
high-entropy state arises in the narrow angle range for
|φH | . 2
◦ until H reaches Hm or H‖c exceeds a criti-
cal value. It should be emphasized that, with increasing
H , the low-temperature entropy is stepwisely (monoton-
ically) released at φH = 0
◦ (φH = 90
◦) and becomes
nearly isotropic above Hm. The extrapolation of the en-
tropy landscape to the H‖a–H‖c plane at 0 K demon-
strates the existence of a quantum critical line at H‖c = 0
and |µ0H‖a| . 2.5 T.
At φH = 5
◦, S(H) decreases rapidly with increasing
H (triangles in Fig. 3b), well below Hm (see Fig. 1b).
This means that QC is more easily destroyed by H‖c. For
H ‖ c, QC is sensitively suppressed at very low fields
below 0.1 T. This monotonic and rapid decrease of the
entropy by H‖c can also be confirmed from the ∆Sφ data
in low fields (solid line in the inset of Fig. 3b). The good
match between the solid and dashed lines in the inset of
Fig. 3b demonstrates that H‖c is a main origin for the
suppression of QC.
Discussion
Let us discuss the possible mechanisms of QC in
CeRhSn. Key features found in this study are as fol-
lows. First, QC is destroyed by the application of H‖c
or the occurrence of a metamagnetic crossover. Second,
QC is decoupled from the magnetization along the a axis.
Third, the low-temperature entropy is stepwisely (mono-
tonically) released in H ‖ ab (H ‖ c) and becomes nearly
isotropic aboveHm. Fourth, the NFL behavior in C(T )/T
changes qualitatively underH‖a below 1 T and it becomes
invariant in the entropy-plateau regime. These findings
clearly support that spin fluctuations along the c axis are
the main driving force for QC in CeRhSn; at the metam-
agnetic crossover, the spin fluctuations would be strongly
suppressed.
The ultra-sensitive response of QC against φH is rem-
iniscent of the steep field-angle dependence of Hc2 in
UCoGe;30,34 the angle-resolved NMR measurements on
UCoGe revealed the intimate relation between its gigan-
tic Hc2 and ferromagnetic fluctuations along the c axis,
34
both which are strongly suppressed by H‖c. This simi-
larity apparently suggests that the key spin fluctuations
for QC in CeRhSn are of the ferromagnetic type. This
scenario is, however, inconsistent with various experimen-
tal facts supporting the frustration scenario,16,23 in which
antiferromagnetic interactions play an essential role. The
c-axis spin fluctuations caused by magnetic frustration
would be easily coupled toH‖c. Further studies are neces-
sary to resolve this puzzle, e.g., from NMR measurements
under a precisely aligned in-plane magnetic field.
In general, QC develops only near a QCP. In CeRhSn,
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however, QC survives over a wide range of tuning pa-
rameter H‖a values. This QC feature resembles the enig-
matic quantum critical “phases” proposed for β-YbAlB4
and MnSi,11,12,35 in which QC was observed in a wide
range of hydrostatic pressures, even far away from the
phase boundary of the magnetic order. Therefore, QC
in CeRhSn is not associated with a conventional mag-
netic QCP. Moreover, in the T –H‖a map in Fig. 5d,
there are strong and weak quantum critical regimes, sep-
arated around µ0H‖a ∼ 0.5 T. The qualitative change
in QC is also indicated by the low-temperature part of
C(T )/T (Fig. 4a), whose power-law temperature expo-
nent n changes significantly between 0 and 1 T (Table 1).
Around this characteristic field (µ0H‖a ∼ 0.5 T), a mag-
netic phase transition is induced by in-plane stress,23 sup-
porting a possible change in ground states. More im-
portantly, the entropy plateau (Fig. 3b) along with the
perfect match between the exponents n of C(T )/T in 1–
2 T (Fig. 4a and Table 1) emphasizes the emergence
of a quantum critical “phase” driven by the precisely
aligned in-plane magnetic field. These features capture
new aspects of QC caused by unconventional origins. For
CeRhSn, partially frustrated ground states transformed
from the zero-field highly frustrated ones may stabilize
the observed quantum critical “phase”. For compari-
son, a similar entropy plateau was reported on pyrochlore
compounds,36 which is attributable to the occurrence of
the partially frustrated kagome-ice state under H along
the cubic 〈111〉 axis, transformed from the fully frustrated
spin-ice state in zero field.
Our multidimensional entropy landscape reveals var-
ious uncommon features of QC in CeRhSn. Particu-
larly, the observation of QC in the very narrow field-angle
range, |φH | . 2
◦, demonstrates that a magnetic field
angle can be a powerful tuning parameter for QC. The
field-angle-resolved entropy landscape, which directly re-
flects the degeneracy of ground states, has a great po-
tential to advance our understanding of exotic phases in
anisotropic systems. In particular, this technique opens
a new route for the study of frustrated systems, such as
magnetic monopole excitations,37 a variety of spin-liquid
states25,38,39 and field-induced novel phases, in which
macroscopic degeneracy of ground states led by geomet-
rical frustration plays a significant role.
Methods
Single-crystal growth. Single crystals of CeRhSn were
grown by the Czochralski method using an rf induction
6furnace.20 A single piece with a weight of 44.0 mg mass
was used in this study. It was cut into a thin slab, whose
dimensions were roughly 3 mm × 3 mm × 0.2 mm along
the a, c and a∗ axes, respectively.
Magnetization measurements. The dc magnetization
was measured using a home-built capacitively detected
Faraday magnetometer31 combined with a two-axis align-
ment device,32 which was installed in a dilution refriger-
ator (Kelvinox MX100, Oxford). The magnetic field was
generated along the vertical z direction using a solenoid
magnet equipped with a gradient coil producing the field
gradient in the z direction (dHz/dz). The field gradient
of 1 (5) T/m was used for the measurement at 0.15 (4.2)
K. The sample was mounted on the capacitor transducer
so that the a (c) axis was oriented close to the z (x)
direction. The angle between the field and the ab plane
φH was tuned by rotating the magnetometer around the y
axis using a home-made tilting stage. A magnetic force F
proportional to the sample magnetization, F = MdH/dz,
in addition to the magnetic-torque background, was de-
tected as a capacitance change of the capacitor trans-
ducer. The magnetic-torque component was measured
separately under a zero field gradient dHz/dz = 0, and
its contribution was subtracted from the data. In the
magnetization measurements, φH = 0
◦ was defined as the
angle at which the magnetic-torque component is almost
eliminated (Supplementary Fig. S1). For comparison,
the magnetization was also measured using a commercial
SQUID magnetometer (MPMS, Quantum Design).
Thermal measurements. The specific heat and
the field-rotational magnetocaloric effect were measured
by the quasi-adiabatic technique using a home-built
calorimeter.15 The field-rotational magnetocaloric effect
is the observed temperature change in response to the
adiabatic rotation of the external magnetic field, which
was investigated by fitting the initial slope of the tem-
perature change, dT/dφH , during each field rotation
by 1◦ or 0.5◦. Using the thermodynamic relation,
(∂S/∂φH)T,H = −C/T (∂T/∂φH)S,H , the relative en-
tropy change, ∆Sφ(H,φH) = S(H,φH) − S(H, 90
◦), can
be evaluated as ∆Sφ = −
∫ φH
90◦
C/T (dT/dφH)dφH . Like-
wise, the field variance of the entropy ∆SH(H,φH) =
S(H,φH) − S(H = 0) was evaluated as ∆SH =
−
∫H
0
C/T (dT/dH)dH using the relation (∂S/∂H)T,φH =
−C/T (∂T/∂H)S,φH , i.e., the conventional field-sweep
magnetocaloric effect. In these thermal measurements,
the sample was mounted on addenda of the calorimeter
so that the a∗ axis was oriented along the z direction. It
was cooled in a dilution refrigerator (Kelvinox AST Min-
isorb, Oxford) whose base temperature was well below
60 mK. The magnetic field was generated in the horizon-
tal x direction up to 5 T using a split-pair magnet. By
rotating the refrigerator around the z axis (‖ a∗) using a
stepper motor, the magnetic field was rotated on the ac
plane.
Calibration of the entropy value. The ∆Sφ data
at different H were compared by adding an offset of
∆SH(H, 90
◦) for each curve. In this way, we obtained the
entropy change relative to S(H = 0), i.e., ∆Sφ(H,φH) +
∆SH(H, 90
◦) = S(H,φH) − S(H = 0), which is referred
to here as ∆S(H,φH). Using S = γT and ∆SH =
21.5 mJ/(mol K) at 0.1 K in 5 T for H ‖ c, the abso-
lute value of S was calibrated in the overall T –H‖a–H‖c
space.
Data availability
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available from the corresponding author on reasonable
request.
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Supplementary Information
Magnetization measurements
In this study, dc magnetization was measured using a home-made capacitively detected Faraday magnetometer
combined with a two-axis rotation device.32 The angle φH between H and the ab plane was controlled precisely by
rotating the sample around the a∗ axis using the tilting stage of the two-axis rotation device. The piezo-stepper-driven
goniometer attached on the tilting stage was fixed so that the a∗ axis was nearly parallel to the rotational axis of the
tilting stage.
First, we carefully placed the field orientation exactly parallel to the ab plane via magnetic-torque measurements.
Magnetic torque can be detected as a capacitance change of a capacitor transducer under a zero field gradient.
Figure S1a shows the relative change in the raw capacitance data ∆C with H , measured under a zero field gradient
for several φH values. By rotating the tilting stage, a large dip in ∆C(H) around µ0H ∼ 3 T, originating from
the metamagnetic crossover, was suppressed and changed into a peak. This sign change of the magnetic-torque
component in ∆C indicates that H crossed the ab plane. Therefore, we defined the angle at which ∆C(H) became
nearly independent of H as φH = 0
◦ (dashed line in Fig. S1a). Owing to this fine-tuning, the magnetic field could
be applied parallel to the ab plane with a high precision, better than 1◦.
Then, using the same setup, we performed magnetization measurements. Figure S1b shows the magnetization
curve M(H) for φH = 1
◦ at 0.2 K, compared with M(H) for φH = 0
◦ at 0.15 K. Above the metamagnetic-crossover
field Hm, no anomaly was found up to 14 T. From this figure, it is evident that the M(H) curve is not affected
significantly by a possible tiny field misalignment less than 1◦, as well as a slight difference in temperature.
Thermal measurements
The field-angle-resolved landscapes of the thermodynamic quantities shown in Figs. 5a–5c were constructed using
the data in Figs. S2a–S2c, respectively. As shown in Fig. S2a, the low-field C(φH)/T measured at a finite temperature
of 0.1 K shows peaks at non-zero φH because of the development of a Schottky-type anomaly by applying H‖c, which
results in a prominent dip at φH = 0
◦. By contrast, S(φH) always shows a peak centered at φH = 0
◦, directly
reflecting the high degeneracy of the ground states (Fig. S2c). Thus, entropy is more powerful to reveal the field-
angle dependence of quantum criticality than specific heat.
According to the Maxwell relation, we obtain (∂S/∂φH)H,T = (∂τφ/∂T )H,φH , where τφ denotes the in-plane mag-
netic torque. By taking advantage of this relation, we can define symmetric crystalline axes along which H induces
τφ = 0. For CeRhSn, φH = 0
◦ can be defined with high precision much better than 0.5◦ because the field-rotational
magnetocaloric effect dT/dφH ∝ (∂τφ/∂T )H,φH changes its sign sharply at φH = 0
◦ (Fig. S2b). It also gives a good
indication of the angle range where the entropy changes drastically. The contour maps in Figs. 5a–5c help us confirm
these features more easily.
Figures S3a and S3b show the raw data of S/γT , which were used for constructing the T –H‖a and T –H‖c landscapes
in Fig. 5d, respectively. Although S/γT decreases rapidly and monotonically in H ‖ c, it shows a two-step decrease
in H ‖ a. The first, low-field decrease around 0.5 T is gradually smeared out with increasing temperature. The second
decrease around 3 T shifts toward higher fields with increasing temperature, following the metamagnetic crossover
field Hm(T ). Uncommonly, there is a wide field region, where S/γT is insensitive to a tuning parameter H‖a, below
Hm. This entropy plateau suggests the existence of a secondary quantum critical state, which is qualitatively different
from the zero-field one.
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Figure S1: Field dependence of the magnetic-torque component and magnetization at several field angles. a,
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Figure S2: Raw data for constructing the landscape of quantum criticality shown in Figs. 5a–5c. a–c, Field-
angle φH dependence of specific heat C(H,φH)/T (a), rotational magnetocaloric effect dT/dφH(H,φH) (b) and entropy change
∆S(H,φH) = ∆Sφ(H,φH) +∆SH(H, 90
◦) [= S(H,φH)− S(H = 0)] (c) at 0.1 K.
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